 Offering suitable nest-building material, even to sows in crates, leads to higher nest-building activity.  Peripartal behaviour of the sows is stimulated differently by different nest-building materials.  Stimulation of sow peripartal behaviour may impact upon sows behaviour, piglet performance and welfare.
A C C E P T E D M A N U S C R I P T
Introduction
The sow is a strongly motivated to build a nest before farrowing regardless of the facilities provided (Widowski and Curtis, 1990) . Restriction of the sow´s ability to perform nest-building causes stress (Damm et al., 2003; Vestergaard and Hansen 1984) which leads to unfavourable peripartal endocrinological changes and affects the course of farrowing (Oliviero et al., 2008; Thodberg et al., 2002) . European Union legislation stipulates that sows and gilts must be given suitable nesting material and all pigs must be given appropriate material to satisfy their behavioural needs (Council of European Union, 2008) .
A C C E P T E D M A N U S C R I P T
The most common farrowing environment used in western countries is a fully slatted farrowing pen equipped with a farrowing crate (Barnett et al., 2001; Johnson and Marchant-Forde, 2009 ).
According to producers, offering material is often impractical due to the slurry management system used on the premises. Few studies have compared different nest-building materials in farrowing crates, whereas most studies on nest-building materials have been done in pens. Both the choice of material (Yun et al., 2013) and space allowance (Jarvis et al., 2004) impact upon the periparturient behaviour of the sow.
Nest-building is most intensive in the 12-4 hour period before the birth of the first piglet (Damm et al., 2003; Oliviero et al., 2008; Vestergaard and Hansen, 1984; Widowski and Curtis, 1990; Yun et al., 2014) . Several endocrine changes are related to nest-building, including changes in prostaglandin, prolactin, progesterone and somatostatin levels (Algers and Uvnäs-Moberg, 2007) .
A rise in oxytocin (Castrén et al., 1993) and of udder comfort (Baxter, 1983) are considered to terminate the nest-building behaviour. The behaviour itself and the outcome, a functional nest, are important components of the satisfactoral completion of nest building (Castrén et al., 1993; Damm et al., 2000; Thodberg et al., 1999) . If there is no suitable material available for nest-building, the sow will redirect her behaviour towards available structures by carrying out activities such as barbiting, which is considered to be abnormal behaviour (Yun et al., 2015) . This does not, however, compensate for the lack of material (Jarvis et al., 2001; Lammers and De Lange, 1986; Widowski and Curtis, 1990) .
Plasma cortisol increases in acute stressful situations, such as during antagonistic interactions with other animals (Otten et al. 2010 (Otten et al. , 1997 or during tethering (Janssens et al., 1995) . Parturition itself is a stressor for the sow as indicated by a rise in cortisol levels, which has been shown to increase even more for crated sows compared to penned sows (Lawrence et al., 1994) . Restriction of nestbuilding in crates leads to stress, frustration, behavioural changes (Damm et al., 2003; Vestergaard and Hansen, 1984) and physiological changes, such as hypothalamic-pituitary-adrenal (HPA) axis activation. The HPA activation leads to higher blood cortisol concentrations (Lawrence et al., 1994) , which are maintained through early lactation in crated sows (Oliviero et al., 2008) .
Frustration develops partly because of poor feedback from an incomplete nest and this prolongs the farrowing especially in primiparous sows (Thodberg et al., 2002 (Thodberg et al., , 1999 . This is suggested to be a consequence of the stress reaction inhibiting the release of oxytocin (Oliviero et al., 2008) . On the other hand, high plasma oxytocin concentration is considered to terminate the nest-building behaviour earlier in relation to parturition (Castren et al., 1993) . Prolactin is considered to trigger the onset of nest-building and it is found in higher concentrations when nest-building material is available to sows (Castrén et al., 1993) . Prolactin concentrations correlate positively with oxytocin concentrations and it might therefore have a role in the course of farrowing (Yun et al., 2013) . The sows ability to provide maternal care after farrowing can be compromised by frustration and low prolactin levels (Herskin et al., 1998; Pedersen et al., 2003; Thodberg et al., 1999) , which in turn affects piglet suckling behaviour (Pedersen et al., 2003) , weight gain (Illmann et al., 2015) and mortality (Andersen, 2005; .
Sow behaviour seems to be stimulated differently by different materials and sows prefer certain materials for nest-building (Widowski and Curtis, 1990) . For example, straw elicits more nestbuilding and also affects farrowing behaviour positively when compared to sand (Thodberg et al., 1999) . Some studies have shown that long-stemmed straw promotes nest-building more than chopped straw (Burri et al., 2009; Mainau et al., 2010) , whereas Damm et al. (2005) found no effect of straw length on peripartal behaviour. Greater amounts of straw has also been shown to stimulate nest-building behaviour (Westin, 2014) . Sows that had been provided with wood shavings prior to farrowing performed prepartal nest-building for longer, and had more postural changes during farrowing than sows that had been provided with straw (Chaloupková et al., 2014) .
Sows tended to choose a pen bedded with straw rather than a pen with sawdust bedding before farrowing (Arey, 1997) . Straw has also been shown to be favoured over a cloth tassel, although animals did use the tassel when no straw was available (Widowski and Curtis, 1990) .
The objectives of this study were to compare different nest-building materials suitable for use in modern farrowing crates. We tested commonly used materials in pig farming to evaluate which was the best nesting-material to use for sows in a commercial environment. We hypothesized that the A C C E P T E D M A N U S C R I P T more the sows direct nets-building behaviour towards the material offered, the less they will express redirected behaviour in the form of bar-biting, the lower will be the cortisol level of the sow, the easier will be the course of farrowing and the better will be the survival of the piglets.
Materials and methods
Approval for the study was obtained from the Ethics Committee of Viikki Campus of the University of Helsinki, Finland.
Housing and management
The studies were carried out on a commercial piglet-producing health approved weaner farm that is situated in Central Finland. The herd had about 400 sows, mainly crossbred. During gestation animals were housed in peat-bedded pens in groups of 8-10.
The farrowing unit was divided into four compartments. Each compartment contained 20 farrowing crates with plastic slatted floors and a solid creep area with floor heating for the piglets (Diagram 1). An oat-barley-wheat diet (Emakko Pekoni®, Suomen Rehu, Finland, NE 12.05 MJ/kg, crude protein 15,5%, 2-2.9 kg / day) was given three times daily at 7:00 h, 12:00 h and 17:00 h. Drinking water was freely available. The lights were kept on between 7:00-16:00 h and temperature was regulated to the 18-21°C range. All the sows farrowed without hormonal induction.
General study design and selection of animals Sows that had been selected for the experiments were randomly divided into six experimental groups. The selection took place when sows were moved to the farrowing unit 2-6 days before the expected farrowing, which was calculated as 116 days from the date of insemination. Sows were excluded when any clinically observable illness was detected. The body condition score of each sow was determined. The body condition score is based on a scale of 1 to 5, with 1 = very thin and 5 = very fat (Hulsen and Scheepens, 2006) . Only sows with score 2-4 were included in the study.
We selected materials with different qualities based on a brief questionnaire sent to farmers (n = 30) and veterinarians (n = 13) in Finland. The selection and qualities of the materials are presented in Table 1 .
Cross-fostering did not occur in the first phase of the study (PILOT), surplus piglets were removed and fostered onto a sow outside the experiment. In contrast cross-fostering was performed in the second phase (STUDY) within the first 24 hours after birth. Piglets were either moved onto sows from the same treatment, or onto sows not participating in the STUDY phase of this investigation. The number of piglets cross-fostered were 115 piglets from 27 litters for the newspaper group, 87 piglets from 25 litters for the straw group and 80 piglets from 25 litters of the wood shavings group.
European legislation (Council of the European Union, 2008) and Finnish regulation (Ministry of Agriculture and Forestry, 2002) stipulate that the sow must to be provided with suitable nestbuilding material. Consequently there was no control group without nest-building material included in the study.
Study design part 1 (PILOT)
The aim of the PILOT phase of the investigation was to get preliminary information on a number of different potential nest-building materials in order to evaluate them in the main phase of the investigation (STUDY).
Fifty-seven sows with parity 2 or above were selected for the PILOT. Four of the sows were excluded from the experiment: two of them farrowed before the material was given, one sow did not farrow during the video recordings and the fourth sow continually escaped from the crate.
Sows were divided into six groups. Five of the groups were given nonglossy newsprint paper plus one other extra nest-building material (Table 1) , sixth group served as a reference group, and got only newspaper, which was the nest-building material that was regularly used on this farm.
Sample sizes are given in Table 2 .
Apart from the `object on the ground´ and the `object on the side groups´ (Table 1) , nest-building materials were given three times a day at 8:00-9:00 h, 13:00-14:00 h and 20:00-22:00 h starting on the day after sows arrived at the farrowing unit. If there was clean material left in the pen it was collected and placed in front of the sow and fresh material was added up to the amount required to fill the 2-3l volume as per protocol. The side-objects and the ground-objects were reattached and replaced when needed. Dirty or wet material was removed and replaced by fresh material.
All the sows were video recorded continuously, which started three days before the expected farrowing and ended when the farrowing was considered to be completed.
Wireless video cameras (NiceCAM420WL fitted with 3.6 mm lens) run on Blue Iris TM software (Perceptive Software, USA) were attached above the pen on the fixed structures of the unit on the head-end, which provided a view of the whole pen with the farrowing crate (Picture 1).The camera was installed on the same side as the object for the object on the side group.
Data on the performance of the litters, including the number of piglets born, number of stillborn piglets and piglet mortality were collected by the farmer.
Study design part 2 (STUDY)
As there was no clear differences between the materials in the PILOT (see section 3.3.1.) we chose three materials: straw, newspaper and wood shavings, based on characteristics such as availability, usefulness, price and the opinion of the farmer.
In total 208 sows and gilts were assigned to the treatment groups. Sample sizes varied between the different study-parameters and are presented in table 2.
Newspaper was given to the newspaper group exclusively. All the groups were given a 40 cm long metal chain with nine plastic discs of 7 cm diameter between the chain parts, which was attached to the side of the farrowing crates. Manipulation of the chain was considered to be the equivalent of bar-biting.
Saliva samples for cortisol analysis were collected twice daily before feeding at 10:00 h and 14:00 h into Salivette ® tubes (Sarested AG & Co., Germany). The cortisol sampling started two days before the expected farrowing (D -2) and ended on the second day after farrowing (D +2). The Salivette ® tubes contain a cotton swab which was held in the mouth of the sow until the swab was wet with saliva. Collecting the saliva took approximately 2 minutes per sow. The swab was then placed back in to the tube and centrifuged at 3500 rpm for 10 min. The volume of saliva was approximately 1.5-2 ml per sample and this was frozen and stored at -20°C until analysis.
A subset of the sows used for cortisol sampling were video recorded pre-and peripartum, and the litter weight was determined on days 2, 4, 6 and at weaning. Piglets that died before weaning were collected in a separate bucket for each sow and stored in a cooled container. Post mortems were carried out as soon as possible, and no later than 48h after death. The cause of death was determined on the farm by trained researchers according to the criteria presented in Table 3 .
Behavioural observations
Behavioural observations were made using Observer XT 10 ® (©Noldus Information Technology)
based on the ethogram presented in Table 4 . Observation of the videos started at 12 h before the first piglet was born (12BFP). According to Pedersen et al. (2003) and Jarvis et al. (1999) the sow is most active at the beginning of farrowing. We took this finding into consideration and ended the observation after the 6 th (PILOT) or 8 th (STUDY) piglet born (DUR6 and DUR8).
The observation in the PILOT phase was done for 20 s every 5 min. In the STUDY the observations were run continuously.
Reports of the mean duration of uncomplicated farrowing in crates in earlier studies vary from 166 to 270 minutes (Chaloupková et al., 2014; van Dijk et al., 2005; Mainau et al., 2010; Oliviero et al., 2008; Thodberg et al., 2002) and the birth interval has been found to be in the 15-40 minutes range (Mainau et al., 2010; Oliviero et al, 2008; Thodberg et al., 2002) . We used these findings in our study design to determine the dystocia criteria and thus considered a farrowing to be dystocic when the interval between two piglets was more than 120 min (DYS2) or when the overall farrowing time of piglets was more than 480 min (DYS8) or when the farrowing was intervened in by the stockperson who judged that the sow required help in farrowing.
Cortisol Analyses
Salivary cortisol was determined by radioimmunoassay (Spectria ® Cortisol RIA, Orion Diagnostica, Finland). The test was validated to measure cortisol in pig saliva as described in (Oliviero et al., 2008 ) and performed as instructed by the manufacturer. A150 µl volume of saliva and 500 µl of buffered 125 I were mixed in tubes whose internal surfaces were coated with antibodies raised against cortisol. Incubation took place in a water bath at 37ºC for 30 min. After incubation the saliva was decanted off and discarded and the tubes washed with distilled water. A gamma counter (Clinigamma 1272 LKB Wallace, Turku, Finland) was used to measure the radioactivity in the tubes for 1 min. The intra-and inter-assay coefficient of variations were 7.3-7.8% and 4.9-13.5%, respectively. The lower detection limit of the cortisol assay was 0.36 ng/ml.
Statistical analyses
Statistical analyses was performed using IBM SPSS Statistics for Windows, version 24.0 (IBM Corporation, Armonk, NY, released 2015).
The behavioural data of the before the birth of the first piglet was summarized for two time periods:
12 h (12BFP) and 2 h (2BFP). Data during farrowing was summarized for DUR 6 (PILOT) or DUR8
(STUDY).
The variables were tested for normality using the Kolmogorov-Smirnov test. Most of the variables were not normally distributed, thus non-parametric tests were used.
The difference in parity, body condition score and total number of piglets born between the treatments were analysed by independent samples Kruskal-Wallis test. The Kruskal-Wallis test was also used to analyse behaviour between the treatments, occurrence of dystocia and mortality of the piglets.
The Spearman Rank Order Correlation Coefficients (rs) with two-tailed test of significance (p) was used to analyse relationships between nest-building, bar-biting and other behavioural activities.
Results are presented only when the strength was found to be moderate to very strong (rs = 0.5-1.0) and the correlation between the parameters were determined in both phases of the investigation i.e. PILOT and STUDY respectively.
In the STUDY phase bar-biting and nest-building 12BFP by hour were subjected to Friedmans´s test of differences among repeated measurements. A chi-squared test of independence was performed to examine the relation between nest-building material treatment and the result of pathological examination.
The effect of treatment on cortisol measured in saliva (mean per day) and litter weight were subjected to analysis of variance (ANOVA) with repeated measurement.
Results were considered statistically significant for p < 0.05. Only statistically significant results are shown.
3. Results 3.1. Characteristics of the animals 3.1.1. PILOT phase Median parity of the sows was 4 (2-8, n = 53). Parity did not differ between treatment groups nor did a median body condition score of 3 (2-4), total median number of piglets born 13 (2-19) or total median number of stillborn piglets 1 (0-13).
STUDY phase
Median parity of all 208 sows was 4 (1-12). Parity did not significantly differ between the treatment groups. The median litter size 14 (13-25) differed (Kurskal-Wallis χ 2 = 6.98, p = 0.03) between the treatment groups. However the difference was not significant when subjected to post hoc pairwise comparisons.
Because of varying sample sizes of the treatment groups for behavioural analysis, cortisol analysis and pathological examinations, differences in parity and litter size were tested separately for each data set. No differences were found.
Behavioural correlations
All the sows of the PILOT and STUDY phases of the investigation exhibited nest-building behaviour before the birth of the first piglet except for one sow of the PILOT. Six of the sows each in the PILOT and in the STUDY did not show any nest-building activity during farrowing. The median duration of performing nest-building in the 12 hours before the birth of the first piglet in the PILOT phase was in total 4 min (0-16) and in the STUDY 64 min (7-165).
Correlations between the different behaviours before birth of the first piglet are presented in Table   5 .
3.3. Comparisons between the treatment groups 3.3.1. PILOT There were no differences in behaviour between the treatment groups before the birth of the first piglet.
For all the sows median DUR6 value was 85 min (24-232 min).
The median of 2 min of nest-building (0-64) during farrowing (DUR6) differed between the treatment groups (Kurskal-Wallis χ 2 = 11.98, n = 30, p = 0.04). However the difference was not significant when subjected to post hoc pairwise comparisons.
The duration of nest-building was significantly (Kruskal-wallis χ 2 = 7.90, p = 0.03) longer in the newspaper group with a median of 130 min (60-165, n = 6) than in the wood shavings group, which had a median of 30 min (7-121, n = 8) for the 12 hour period before the birth of the first piglet (Figure 1 a) . Further, the newspaper group performed nest-building more often with a median of 220 events (157-456, n = 6) in the 12 hour period before the birth of the first piglet compared to the straw group ( Median for DUR8 was 84 min (22-260). There were no differences between the groups in the behaviour DUR8 nor the duration of farrowing (DUR 8) or the duration the first piglet reached the udder.
There were six dystocic sows in the PILOT, four of them were DYS2 and three of them both DYS2 and DYS8. In the STUDY phase there were six dystocic farrowings, three of them DYS2 and three of them both had both DYS2 and DYS8. There were no differences in the occurrence of dystocia between the treatment groups nor correlations between DYS2 and DYS8 and any other parameters.
Duration and frequency of nest-building and bar-biting by hour during the 12 h period before birth of the first piglet in the different treatments are presented in Figure 2 a-f, as well as correlations between nest-building and bar-biting behaviour for each hour (Figure 2 a-f) .
No significant differences were found between the treatment groups when progression of these activities were compared by hour during the 12h period before the birth of the first piglet.
Litter size and performance (STUDY)
A total of 2830 piglets were born during the STUDY phase, 2509 of them were alive. Mortality is presented in table 6. Most of the deaths occur during the first days of lactation (Barnett et al., 2001 ), therefore the analysis was done also as two separate time periods, piglets that died earlier than 3 days of age and piglets that died on 3 days of age or later. A difference was apparent between the straw and the wood shaving groups when looking at the piglets younger than 3 days (Table 6 ).
In total 197 dead piglets from 66 litters were examined post mortem ( Correlations between behaviours and cause of death are presented in Table 7 .
Mean live weight was 1.6 (±0.29) kg per piglet on day 2, 1.9 kg (±0.27) on day 4, 2.3 kg (±0.42) on day 6 and 8.7 kg (±1.6) at weaning. There was no statistically significant differences in litter weight dues to the material treatments.
Cortisol concentrations
Mean salivary cortisol data are presented in Figure 3 . There were no significant differences between the treatment groups.
4. Discussion
Nest-building behaviour
We suggest that for sows confined in farrowing crates newspaper is a more suitable material for nest-building than straw or wood shavings. On the other hand straw appeared to have a positive
effect on piglet survival compared to the other two nest-building materials. The materials stimulated different behaviours from the sows before farrowing as follows: the newspaper group performed more nest-building activity than either the wood shavings or the straw-groups. The sows in the newspaper group also manifested less bar-biting activity before farrowing than the straw group.
Our finding is supported by reports from previous studies: sows express nest-building more when suitable materials are provided (Cronin et al., 1994; Jensen, 1993; Thodberg et al., 1999) and prefer certain features for nest-building, whereas external stimuli direct the behaviour (Widowski and Curtis, 1990) . Our findings might be explained by the observation that newspaper stays available at the front of the sow for longer time than wood shavings or straw. The floors of the farrowing pens were slatted, which caused wood shavings and straw to fall through. Sows also ate some of the straw, so the amount of straw that stayed available as nest-building material was less in comparison to the newspaper group.
The nest-building activity during the PILOT phase was found to be greater than previously reported by Yun et al. (2014) who observed the behaviour for 20 min every hour. The difference between our two studies could be explained by different definitions of the behaviours and different time periods of the observations. For example, Yun et al. (2014) started the observation as early as 18h before farrowing and a nest-building episode was considered to start after 5 s of activity. The present study by contrast defined the initiation of a bout of nest-building to start after only 3 s of activity and also the observation period in our study started only 12 hours before the first piglet was born. The nest-building activity data in the STUDY phase were similar to earlier reports (Andersen et al., 2014; Chaloupková et al., 2014) . Overall, the mean duration of nest-building activity before farrowing was lower than in the free farrowing sows in the study by Yun et al. (2014) and equal to that of the semi-confined sows in the study conducted by Chaloupková et al. (2014) . This finding is therefore in line with the assumption that free farrowing sows spent more time at nest-building than did more restricted crated sows (Pastell et al., 2016) .
The nest-building activities recorded for the wood shavings and straw groups did not differ significantly, which is also in line with the study by Chaloupková et al. (2014) . In their study, the
sow was able to move in one direction ("walk-around" crate) and the floors were concrete, so the nesting material did not disappear from the front of the sow as they did in the present study. The findings reported by of Chaloupková et al. (2014) and the results of our study, suggest that the functionality of both wood shavings and straw given to sows confined in farrowing crates is questionable. Chaloupková et al. (2014) , however, suggested that the natural desire for nestbuilding activity can be satisfied even when a functional and or completed nest is not constructed.
This suggestion, however, is contrary to the finding by Damm et al. (2003) whom reported that removal of the constructed nest is a stressor for the sow. Our finding, that sows with the newspaper as nest-building material, manifested less bar-biting behaviour, supports the finding of Damm et al. (2003) and disagrees with the Chaloupková group suggestion. Presumably, the use of newspaper as a nest-building material could have given more adequate feedback to the sow as its use by the sow resemble a more functional and complete nest in addition to newspaper itself being available for the sow longer.
A study by Petersen et al. (1990) found that the sow does not perform nest-building during farrowing when the feedback she had already received from the nest before farrowing was adequate, and this finding is also supported by Damm et al. (2000) and Thodberg et al. (1999) . No differences in behaviour during parturition between the treatments were found, which is in accordance with the study of Jarvis et al. (2004) who found very little effect of straw on gilt behaviour during parturition.
General activity: Bar-biting, nest-building, position changes
We found no correlation between nest-building behaviour and duration that sows spent standing over the time period of 12 hours before the first piglet was born. Instead, the more often sows were standing the more often they performed bar-biting, which indicated discomfort and stress. Similar findings in total activity were presented by Cronin et al. (1993) and Mainau et al. (2010) .
The frequency of bar-biting episodes also correlated positively with the frequency of nest-building but not with duration of nest-building in our study. This indicates that the more often the sow starts a nest-building activity in a period, the more often she also performs bar-biting. It is possible when there is a lack of suitable material, that each nest-building episode is shorter in duration when the sow is not successful. This situation may lead the sow to perform bar-biting, which is considered to be redirected nest-building (Yun et al., 2015) . In other words, sows try to build a nest, get frustrated when not successful and direct the nest-building behaviour to other structures of the crate.
The sows that were more in a standing position during the two hours before farrowing also performed more nest-building, which is in contrast to that found in the time period of 12 hours before the birth of first piglet. The more a sow was building a nest, the more she was in a ´bottom up´ position, which was probably due to the sows attempt to reach material from outside the crate.
Further, the more the sow expressed bar-biting the less time she spent in lateral recumbency. The lack of feedback from the nest starts to stress the animal increasingly as the farrowing approaches as indicated by the correlations at 2 h before the first piglet was born. Instead of lying down as expected (Damm et al., 2000; Jarvis et al., 1999; Jensen, 1986 ) the sow performs stress related behaviour. Stress shortly before farrowing can have long-term consequences: high nest-building activity during the last hours immediately before parturition leads to more nest-building during farrowing (Pedersen et al., 2006) . Nest-building during farrowing is suggested to be an indicator of stress and it is reported to affect maternal behaviour later on (Illmann et al., 2015) .
Prepartal behavioural observations were conducted for about 18 hours before the birth of the first piglet in most studies Yun et al., 2014) . The timing of nest-building and barbiting was found to be related to other behavioural aspects of the sow in the current study.
Consequently the behaviour during the last couple of hours before the first piglet was born should be considered to be more indicative of stress than during the entire 18 h nest-building period usually observed in earlier studies. This suggestion has previously been made by Illmann et al. (2015) .
When we observed nest-building and bar-biting every hour over the 12 hour observation period we found a positive correlation in frequency of these activities during the whole time period in the newspaper group. However a positive correlation in frequency was only found at the beginning and at the end of the 12 hour period for the straw and wood shaving groups. A strong positive correlation between the mean hourly duration of nest-building and bar-biting was seen as early as six hours before the birth of the first piglet in the newspaper group. In contrast, strong correlations were found only 1-3 hours before the expulsion of the first piglet in both the wood shavings and straw groups.
The correlations between bar-biting and nest-building was positive, probably because of the stress related factors reported in earlier studies (Vestergaard and Hansen, 1984; Yun et al., 2015) . Sows that are confined in crates are not able to build a nest sufficiently even when suitable materials are provided. Sows in farrowing crates direct their behaviour at other structures more often than sows in farrowing pen (Yun et al., 2015) .
It is possible that newspaper stimulated not only nest-building but also general activity of the sow, thus increased nest-building activity also increased bar-biting. Both the frequency and the duration of bar-biting was lower than nest-building for the whole 12 hour period for the newspaper group in our study. Although there was no significant change in nest-building and bar-biting intensities found, the trend of duration and frequency for bar-biting in the newspaper group decreases. By comparison we found that the trend for nest-building and bar-biting for both the wood-shavings and the straw groups increased. We conclude this might be due to newspaper allowing a more functional nest-building behaviour in sows compared to the other nest-building materials evaluated in our study.
Pathological findings and behaviour
4.3.1. Mortality
The lower mortality rate found in the present study for the straw group during lactation, mainly occurred during the first days of life. This finding could be due to the effect of straw in thermoregulation of the piglets. Straw has previously been found to be more effective in decreasing mortality than shredded paper (Aumaitre and Le Dividich, 1984) . Nest-building material as bedding may also enable the sow to change her the posture safely through giving the sow increased comfort and therefore avoid crushing the piglets (Herskin et al., 1998; Pedersen et al., 2006) .
However these qualities of straw probably did not affect the mortality in our study, since the amount supplied was small and it was given in front of the sow on the slats. Some of the straw was also eaten by the sow. Oliviero et al. (2009) previously noted that fibre affects the intestinal activity of the sow, which might positively affect the periparturient performance positively. Increased fibre in the diet also lead to more water consumption (Oliviero et al., 2009 ) and higher water consumption, in turn, enhances milk production. A study by Cronin and Smith (1992) found that piglets in pens with straw suckled more than piglets of crated sows without straw. The fibre content of the diet also affects the colostrum composition (Krogh et al., 2015) . Weight gain of the piglets in the present study showed a similar pattern to those reported in an earlier study (Cronin and Smith, 1992) and no significant difference in the piglet weight gain was found between the treatments of the present study. The presence of straw, even in small amounts, might have influenced maternalcare and immune competence of piglets arising from earlier and increased colostrum intake, which might be expected to enhance piglet health and survival.
Crushing
The frequency of sternal and lateral positions at two hours before the first expulsion of the farrowing and piglet crushing correlated negatively. Moreover the more sows sat and performed bar-biting before the birth of the first piglet the less piglets were crushed. It is known that during the prepartum period sows that do not crush their piglets move more and perform more nest-building compared to sows that do crush their piglets (Andersen, 2005; Thodberg et al., 1999) . Therefore, we suppose that these correlations indicate an ease of changing position with high levels of
general activity. A higher state of general activity allows the sow to avoid crushing, despite experiencing stress because of restriction of movement in the crate (see section 4.2.).
Stillborn
In the present study higher nest-building activity at 12 hours before the birth of the first piglet was related to a decreased in the number of stillborn piglets. Furthermore, increased lateral laying, which can be interpreted as low activity during nest-building, correlated positively with stillborn rate.
Low nest-building activity is associated with lower piglet survival due to delayed births (Baxter, 1983) . We found no statistical differences in periparturient piglet survival between the treatments in our study, which is in line with that reported by Cronin et al. (1994) , but is contrary to findings reported by Cronin et al. (1993) and . Even though nest-building activity was higher in the newspaper group in our study, the difference was possibly not big enough to affect the sow´s oxytocin status, and thus farrowing success, and consequent improvement on piglet survival.
Salivary cortisol concentrations
The course of cortisol concentration in our study agrees with previously presented data (Lawrence et al., 1994; Oliviero et al., 2008) . We did not find significant differences in cortisol levels between the groups during the whole experimental period.
Conclusion
Different nest-building materials stimulate sow behaviour differently before farrowing. More specifically sows seem to benefit more from newspaper than straw or wood shavings. Offering suitable nest-building material, even to sows confined in farrowing crates where the possibility to perform nest-building is limited, leads to higher nest-building activity. It is known that nest-building
before farrowing results in favourable changes in sow behaviour and maternal characteristics.
However, it seems that the sow is still not able to fulfil the behavioural need of nest-building in the confines of a crate fully using any of the materials provided in our present study, because all sows showed frequent bar-biting behaviour. In the future, therefore, more attention should be paid to the characteristics of the bedding materials offered for nest-building in piggeries in which the sows are confined in farrowing crates.
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